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(54) PLASMA PRODUCTION ACCELERATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma production accelerator in which lone 
plasma (CT) can be produced, and in which a magnetic surface can be strengthened to 
provide additional acceleration. 

SOLUTION: In a plasma production accelerator comprising an inner and an outer 
electrodes 1, 2 which are coaxial to each other, etc., it is provided with a microwave 
introducing means comprising wave guides 12, 16, 17, a circulator 1 1, a damper 14, and a 
pulse microwave source 10, so a magnetic surface of CT plasma 7 is strengthened by 
introducing (irradiating with) microwaves of such a frequency as to resonate with a 
magnetic surface of the plasma 7 on the back of the plasma 7 by the microwave 
introducing means. Radiation of the microwaves is performed at a proper timing to 
plasma production acceleration. 
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DETAILED DESCRIPTION 


[Detailed description] 
[0001] 

[The technical field to which invention belongs] Even if it applies especially this invention to the fusion-fuel incidence equipment applie 
a nuclear fusion reactor about a plasma production accelerator, and it is useful and it applies it to a space propulsive engine, an X-ray 
generator, and nuclear-fusion plasma-control equipment, it is useful. 
[0002] 

[Prior art] Drawing 4 is explanatory drawing showing the conventional plasma production accelerator. As shown in this drawing, the 
electrode of a same axle-like couple is formed of the internal electrode 1 and the external electrode 2, among these the - external electrod 
1 and 2 are insulated by the insulator 3. While the end side of the pulse power 4 is connected to the internal electrode I , the other end [ o 
this pulse power 4 ] and external electrode 2 side is grounded. Moreover, the chemical cylinder 18 is connected in the middle of the 
longitudinal direction of the external electrode 2 through the solenoid valve 6, and the bias magnetic field coil 5 is ****ed while being th 
longitudinal direction of inside and the external electrodes I and 2. 

[0003] Therefore, in the above-mentioned conventional plasma production accelerator, between inside and the external electrode 1, and 
solenoid valve 6 is used, gas is momentarily supplied from a chemical cylinder 18, and the high voltage is simultaneously impressed to th 
internal electrode 1 by the pulse power 4. By this, dielectric breakdown of the gas is carried out, a plasma is generated, and a current is 
passed to this plasma. At this time, a magnetic field occurs in the orientation (the orientation of an azimuth) of theta by the current which 
flows to this electrode between inside and the external electrode 1, and 2, and a Lorentz force occurs in the orientation (Z direction) of a 
nose of cam of equipment by this magnetic field and the current of a plasma. For this reason, a plasma progresses to this Z direction. 
[0004] A current is passed in the bias magnetic field coil 5 simultaneously with this, and a bias magnetic field is generated in the orientat 
(radial) of r ahead of a plasma. Thereby, in case a plasma crosses the aforementioned bias magnetic field, speed energy is transformed in 
the toroidal current of a plasma, and a poloidal magnetic field is formed. Moreover, in case a doughnut-like plasma (it is called a compac 
anchor ring (CT) and following CT plasma) is finally generated, it closes as a poloidal current and a toroidal magnetic field is also gener 
by the gun current (plasma current). Thereby, the CT plasma 7 holding the self-magnetic field by the self-current is generated. Moreover 
CT plasma 7 can be ******ed by passing a current following on this. In addition, drawing 5 is the perspective diagram showing the relat 
of the above-mentioned r orientation, the orientation of theta, and a Z direction. 
[0005] 

[Object of the Invention] However, in the plasma production accelerator concerning the above-mentioned conventional technique, when 
generating the CT plasma 7 in the type of the shape of perfect ********^ generation of the magnetic field of the compact anchor ring may 
become imperfect by the relation between a bias magnetic field and an early plasma speed, and it may not become the isolated plasma (C 
with the perfect self-magnetic field. 

[0006] Moreover, though it becomes an isolated plasma (CT), a magnetic field may become it is weak and difficult [ ****** ]. 
[0007] Therefore, this invention makes it a technical probrem to offer the plasma production accelerator which can generate an isolated 
plasma (CT), and can strengthen the magnetic side in view of the above-mentioned conventional technique, and can carry out ******. 
[0008] 

[The means for solving a technical problem] The electrode of the couple with which the 1st invention which solves the above-mentioned 
technical probrem was mutually insulated by the shape of same axle. In the plasma production accelerator equipped with the pulse power 
which impresses a voltage to these electrodes, the bias magnetic field coil which generates a bias magnetic field, and a gas supply means 
supply the gas which becomes the basis of a plasma to inter-electrode [ of the aforementioned couple ] It is characterized by having a 
microwave introduction means to introduce the microwave of the frequency which resonates with the magnetic field of the aforementione 
plasma behind [ inter-electrode / aforementioned / plasma ] the aforementioned couple. 

[0009] Moreover, the 2nd invention equips the aforementioned microwave infroduction means with the source of microwave of a pulse 
drive in the 1st above-mentioned invention, and while the aforementioned pulse power is turned on and it is made to start, an oscillation 
the microwave oscillator of this source of microwave When the time when the aforementioned plasma peculiar to the equipment for whic 
asked beforehand exists in equipment passes Or it is characterized by constituting so that an oscillation of the aforementioned microwave 
oscillator may be stopped based on the detecting signal of the field indicator which ****ed so that it might detect that the aforementioned 
plasma crossed the position where the electrode of the aforementioned couple exists. 

[0010] Therefore, according to the above 1st or the 2nd invention, the arbitrary magnetic fields of a plasma can be strengthened and it 
becomes easy to generate the isolated plasma by introducing back the microwave which resonates with the magnetic field with a plasma. 
Moreover, own plasma temperature of a plasma can also be improved. 

[001 1] Moreover, according to the 2nd above-mentioned invention, generation acceleration and timing of a plasma are measured and 

irradiation of microwave, i.e., oscillation start, and quenching are performed. For this reason, energy efficiency is high 

[0012] 

[Gestalt of implementation of invention] Hereafter, the gestalt of enforcement of this invention is explained in detail based on a drawing. 

addition, the explanation which gives the same sign to the same fraction as the former ( drawing 4 ), and overlaps is omitted. 

[00 1 3] Explanatory drawing showing the plasma production accelerator which drawing 1 requires for the example of this invention, the 
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the plasma production accelerator shown in drawing 1 . 

[0014] As shown in drawing 1 , the plasma production accelerator concerning this example is equipped with the source 10 of pulse 
microwave, the waveguides 12, 16, and 17, the circulator 11, and the damper 14 in the conventional plasma production accelerator show 
drawing 4 as a microwave introduction means for introducing behind a plasma the microwave of the frequency which sympathizes with t 
magnetic side of a plasma, in order to strengthen the magnetic field at the time of CT plasma production, and the posterior-part MAG sid 
after CT plasma production. 

[0015] namely, — the longitudinal direction middle of the external electrode 2 — a microwave introduction ~ the hole 13 is formed and th 
end of a waveguide 12 is connected here And the source 10 of pulse microwave is coimected to the other end side of a waveguide 12 
through the circulator 1 1 and the waveguide 17. Moreover, the damper 14 is connected to the circulator 1 1 through the waveguide 16. In 
addition, although the microwave introduction means is established immediately after the bias magnetic field coil 5 in drawing 1 , you m 
prepare in fi-ont of the bias magnetic field coil 5. 

[0016] the microwave introduction from the above-mentioned microwave introduction means ~ the microwave introduced between insid 
and the external electrode through a hole 13 is used in order to heat a plasma Heating here uses the cyclotron-resonance phenomenon 
the electron in a plasma. Cyclotron resonance is generated with the plasma all over a magnetic field, and the resonance frequency will be 
given by the following formula, if a magnetic field strength is set to B. 

[0017] f=(eB/m) /2pi ~ e is the amount of charges per elecfronic piece, and m is mass of elecfrons here 

[0018] In case a bias magnetic field is crossed, a toroidal current flows inside CT plasma, and CT plasma forms a magnetic field in the 
poloidal orientation at the periphery section of CT plasma. The maximum of this magnetic field turns into a value almost equal to a bias 
magnetic field. Therefore, heating becomes possible by carrying out incidence of the microwave of the frequency which corresponds to a 
bias magnetic field. Since, as for the poloidal magnetic field of CT plasma circumference section, an outside becomes weak, the plasma o 
the magnetic field corresponding to the frequency can be alternatively heated by lowering a frequency. 

[0019] Moreover, the circulator 1 1 is formed from the following grounds. That is, by this cyclotron resonance, although microwave is 
absorbed by the plasma by cyclotron resonance, in order that an elecfron may carry out a screw motion, a new electromagnetic wave occ 
from here. At all, since this returns in a waveguide 12 as a reflected wave of incidence microwave, if there is nothing, this reflected wave 
will flow backwards to the microwave oscillator of the source 10 of pulse microwave as it is, and will become the cause of damaging this 
microwave oscillator. 

[0020] Then, the circulator 1 1 is formed like the above. Although the microwave which entered from the port 1 will be outputted to a po 
supposing three or more input/output port of microwave is a certain microwave elements, for example, this circulator 1 1 usually has thre 
ports, the microwave which entered from the port 2 is outputted to a port 3, and the microwave included in the port 3 is outputted to a po 
Thus, if a microwave oscillator is connected to the port 1 of a circulator 1 1 and a load is connected to a port 2 in order that microwave m 
pafrol between ports, the reflected wave (reflected wave of the above-mentioned incidence microwave) from a load will be outputted to a 
port 3, and will stop returning to a port 1 directly. And if the damper 14 which absorbs microwave in a port 3 is connected, a reflected w 
will be absorbed here and will stop returning to a microwave oscillator. Consequently, failure of the microwave oscillator by the reflected 
wave is avoidable. In addition, that with which a circulator 1 1 is the element well known for the microwave fransmission, and the circula 
1 1 and the damper 14 were combined may be called isolator. 

[0021] Moreover, energy efficiency becomes bad, in order to pass through between inside and the external electrode 1, and 2 and to esca 
out of equipment, when not producing a plasma, if microwave is irradiated by the continuous wave (introduction of a between [ inside an 
the external electrode 1 and 2 ]). Then, in this plasma production accelerator, the source 10 of microwave of a pulse drive was used like t 
above. The warm up of the microwave oscillator of this source 10 of pulse microwave itself is always carried out so that it can always 
oscillate. And since this pulse drive type of microwave oscillator can turn on / turn off an oscillation by controlling the voltage applied to 
oscillation section in the interior, while it turns on the pulse power 4 which generates a plasma, it adds a trigger signal to a microwave 
oscillator, and starts an oscillation. 

[0022] Since the data of the time when CT plasma exists in equipment from the energy supplied on the other hand in order to accelerate 
distance and CT plasma which accelerate CT plasma can be taken as a value peculiar to equipment at the time of an equipment manufact 
an oscillation of microwave can be stopped if the signal of an oscillation end is sent to a microwave oscillator based on this data. 
[0023] Moreover, the poloidal magnetic field of CT plasma can be detected by the magnetic probe and it can realize by checking transit 
CT plasma and taking out the signal of quenchmg to stop in the place exceeding the position CT plasma has inside and whose external 
elecfrodes 1 and 2 in an oscillation of microwave. 

[0024] Therefore, according to the plasma production accelerator concerning this example, till the place which generates a plasma and a 
bias magnetic field is made to cross, although it is the same as that of the conventional thing, the posterior-part MAG side after CT plasm 
production shown in the magnetic field and drawing 3 at the time of CT plasma production shown in drawing 2 can be strengthened by 
introducing further the microwave of the frequency which sympathizes with the magnetic field of a plasma behind a plasma. 
[0025] Moreover, irradiation of microwave can be performed by measuring generation acceleration and timing of a plasma. 
[0026] The following effects are acquired from the above thing. 

[0027] ** By sfrengthening the arbitrary magnetic fields of a plasma (CT), the good CT plasma 7 of the isolated quality is generable. 
** It is possible not to depend on the parameter of equipment but to make the parameter of the CT plasma 7 into an elevated temperature 
more by microwave heating. That is, plasma temperature is independently controllable. 

*♦ When irradiating microwave at the posterior part of the CT plasma after CT plasma production 7, while a hind magnetic field is 

strengthened, it is thought by supplying energy to the CT plasma 7 that there is an effect which raises a speed. 

** Energy efficiency can be raised by measuring generation acceleration and timing of a plasma and irradiating microwave 

[0028] 

[Effect of the invention] According to this invention, the following effects are acquired as concretely explained with the gestalt of 
implementation of invention above. 

♦* By strengthening the arbitrary magnetic fields of a plasma (CT), good CT plasma of the isolated quality is generable. 

** It is possible not to depend on the parameter of equipment but to make the parameter of CT plasma into an elevated temperature more 

microwave heating. That is, plasma temperature is independently controllable. 


" Wnen iiraaranng mTcrowave^rme^posterrorpmrryrcr^^ 
. it is thought by supplying energy to CT plasma that there is an effect which raises a speed. 

*♦ Energy efficiency can be raised by measuring generation acceleration and timing of a plasma and irradiating microwave. 
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